An analysis of the risk of failure in the safety valve -tank with propane-butane (LPG) system has been conducted. An uncontrolled outfl ow of liquid LPG, caused by a failure of the above mentioned system has been considered as a threat. The main research goal of the study is the hazardous analysis of propanebutane gas outfl ow for the safety valve -LPG tank system. The additional goal is the development of an useful method to fast identify the hazard of a mismatched safety valve. The results of the research analysis have confi rmed that safety valves are basic protection of the installation (tank) against failures that can lead to loss of life, material damage and further undesired costs of their unreliability. That is why a new, professional computer program has been created that allows for the selection of safety valves or for the verifi cation of a safety valve selection in installations where any technical or technological changes have been made.
INTRODUCTION
The development of means of transport using liquid and gaseous fuels resulted in the need for continuous access to these kinds of fuels. It forced coming into existence a network of potentially dangerous objects such as petrol stations. Along with technological progress, petrol stations security level increases, which means a reduction of environmental threats. However, there is not possible complete elimination of the risks resulting from the working of the objects located on the petrol stations (i.e. gas tanks), and the security level depends mainly on the reliability of safety devices.
Storage and distribution of synthetic gas has numerous threats to human health and life, as well as to the natural environment 1 , because it is a poisonous, harmful and fl ammable substance. Gas tanks pose a high probability of the explosive atmospheres occurrence 2 . Therefore, it was necessary to develop such mechanisms (technical and logistical) to reduce risk. This is also required by the legal system and controls of the Offi ce of Technical Inspection (UDT), which force the owners of LPG stations to maintain an appropriate level of security.
In order to increase security, risk as a base to determine the most important ways to its reduction is analyzed 3-5 . A common method is an analysis of two types of scenarios: emergency 6 of the hazardous effects and these with the greatest probability of their occurrence.
The security system should take into account, among others, introduction of the solutions enabling systematic analysis of failure risk and analysis of the likelihood of their occurrence. It is worth to focus on the ability to create and use reliability models for systems equipped with tanks containing propane-butane, and the ability to collect their diagnostic signals, as well as other technical facilities 7, 8 . . In this case, the most appropriate method of reliability modeling are Bayesian networks, whose nodes represent occurring incompatibilities (damage, mismatch, inconsistency) known to the accuracy of probability distribution 9 .
. Designing and applying LPG installations has to include the conditions for ensuring their safe operation. At the design stage there is an obligation to manage the risk through its assessment and reduction. Risk reduction can be achieved using appropriate reliability structures and properly selected components 10 . For pressure tanks used for propane-butane (LPG) storage, such element is a safety valve. Reliability of the safety valve is connected with the selection of the right producer, followed by an appropriate choice of the producer's series of types.
The main research goal of the study is the hazardous analysis of propane-butane gas outfl ow for the safety valve -LPG tank system. The additional goal is the development of an useful method to fast identify the hazard of a mismatched safety valve.
The results of the research analysis have confi rmed that safety valves are the basic protection of the installation (tank) against failures that can lead to loss of life, material damage and further undesired costs of their unreliability. That is why a new, professional computer program has been created that allows for the selection of safety valves or for the verifi cation of a safety valve selection in installations where any technical or technological changes have been made.
INSTALLATION CHARACTERISTICS
LPG gas distribution stations have a number of technical security devices 11 . One of them is the safety valve used to secure liquid LPG tank from damage caused by excessive pressure. Installation diagram is shown in Figure 1 .
RISK ANALYSIS

Identifi cation of threats
The general risks of the petrol stations include: -machines moving on the petrol station premises, -chemicals, toxic, sensitizing substances, -fi re, -explosion, -changing weather conditions, -outdated technology, -contamination of soil and groundwater with petroleum products.
Risks associated with the storage of LPG
Liquefi ed LPG (propane-butane) has weak narcotic properties, and in high concentrations becomes suffocating. Direct contact with liquefi ed gas may cause burns. Propane-butane is stored in liquid state at increased pressure. Under normal conditions it becomes a combustible gas, heavier than the air, which could form explosive mixtures with it Table 1 .
To identify hazards, HAZOP (Hazard and Operability Studies) analysis has been applied. Table 2 shows the results of analysis of the hazards associated primarily with the safety valve.
EMERGENCY SCENARIOS
Scenario 1. Gas outfl ow caused by human mistake during the wrong selection of a safety valve
Percentage level indicator on the gas tank is damaged. While pumping gas from tanker to the tank, its overfi lling took place. Due to inappropriately chosen safety valve, excessive pressure increase leading to permanent unsealing of the system has occurred. A considerable amount of gas fl ew out from the tank and formed a cloud that has been ignited. There was an explosion, which resulted in the injuring of three people, including one seriously. The tank has been permanently damaged.
Scenario 2. Safety valve locking in the closed position
In the autumn season, at night, at a temperature close to 0 o C the tank has been fi lled from the tanker to a level of 85%. During the next sunny day, by the action of heat, there was a signifi cant increase in gas pressure in the tank because the safety valve jammed in the closed position. After opening the ball valve, allowing refueling vehicles, a fl ow of gas to the pipe connections has occurred. It resulted in unsealing of fl ange connection. Service saw an outfl ow of gas and closed the ball valve. 
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The gas from the tank with a broken safety valve has been pumped into the second reservoir. Due to the fast reaction of the service, there were no human losses. The costs of failure were mainly related to the replacement of the safety valve, installation sealing, and downtime.
Scenario 3. Safety valve locking in an open position
During the storage of LPG in the winter safety valve has been locked in the open position. The outfl owing gas has been ignited, and as a result, there was a fi re jet. Called the fi re brigade extinguished the fi re and secured the tank against further outfl ow. There were no casualties. The costs of failure resulted from the installation damage and fi re fi ghting.
The application checking the selection of the safety valve for a gas tank.
The safety valve is a valve that opens automatically when the gas pressure exceeds a limit value. This prevents an excessive pressure increase and in extreme cases unsealing of the tank, which could lead to an explosion.
The application checks the correct selection of the valve to the tank and gives information of the type of valve parameters that should be changed in case of wrong selection (Fig. 2) .
To determine correctly the capacity (G) required for the gas tank and the capacity of the safety valve (m), at fi rst, it is necessary to enter the data of the tank (green), then of the safety valve (blue). It is also necessary to choose a medium stored in the tank from a drop-down list (Fig. 3) .
After entering the technical data, the application will check whether the valve is selected properly or not. If the valve is properly chosen, the application in the line "Information about compatibility" displays the message: "Valve chosen correctly, because m> G" (Fig. 4) .
If the valve is incorrectly chosen, application window command displays the information: "Valve chosen incorrectly, because m <G -set a valve with a higher fl ow coeffi cient or larger fl ow surface".
In this case, the application will suggest the parameters of the valve that must be changed in order to get the correct fi nal result.
SUMMARY
The analysis of literature relating to the obtaining energy from gas as well as threats regarding the use Figure 4 . View of the application with information on the correct selection of the valve of gas tank and also material presented in this paper indicates that these issues are very important in terms of technical safety in everyday life 13, 14, 15 . LPG, as a cheap fuel that provides a great savings in transport, is commonly used to supply of combustion engines. Therefore, the number of LPG tanks in small cars has increasing. The number of stations offering gas fuel has also increasing. This has led to the development of studies on quality of LPG fuel 14 . Researchers are looking for new effi cient technological solutions for gas supply systems 16 . It is also important to improve a safety of use of devices with LPG gas and liquied fuels, which requires the improvement of standards and regulations for quality and safety management systems 17 . Prediction and prevention the risks associated with LPG use makes it possible to reduce or even avoid accidents 13, 18 . However, analysis of emergency scenarios, presented in this paper are not appreciated by scientists and pragmatists until there is accident with different effects. For these reasons, it was very important to develop the application that allows for the selection of safety valves or for the verifi cation of a safety valve selection in installations where any technical or technological changes have been made.
The fi nal concept of the authors will be the creation of a comprehensive model for LPG stations, enabling on theoretical safety analysis and hazard simulation and also their impact on surroundings. This model will allow to avoid danger situations connected with the utilization of different types of LPG gas tanks.
CONCLUSIONS
Safety valves are the primary protection of the system (tank) before failures, which can lead to loss of life, material damage, and further unwanted costs. Their reliability and correct selection is therefore essential.
Furthermore, in order to reduce the risk of tank overfi lling it is recommended to use a double measurement of the gas inside.
It is also advised to use gas detectors, particularly where even a small amount of released gas could cause further threats.
Analyzes carried out for the LPG installation will be the basis for computer simulation of a technical safety for installations equipped with safety valves.
Simulation analyzes will contribute to the construction of the mathematical model for LPG tank equipped with a safety valve.
After the positive attempt to build the mathematical model of a system for a tank with a safety valve, effort will be taken to build a model of technological lines consisting of many discussed systems.
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